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The study on the vibration characteristic of IPM motor
according to the notch design
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*Department of Electrical Engineering, ChangwonNationatUniversity, »<Gem Tech. CO, LTD

Abstract - This paper presents the vibration
characteristic of interior type permanent magnet (IPM)
motor according to  rotor design. In the design
methods, the optimal notchs are put on the rotor pole
face, which have an effect on variation of permanent
magnet (PM) shape or residual flux density of PM.
Through the space harmonics field analysis, the
positions of notch are found and the optimal shapes of
notch are decided by using Finite Element Method
(FEM). The validity of the proposed method is
confirmed with experiments. Therefore, the vibration ,
starting current and efficiency of IPM is measured by
experiment.

LM B
97 ANE HAA Ul A Fe HYg 25

(Interior Permanent manet Motor; IPM)E 328 &34
EAo Agas ns A A drAdel dHx m:o
WHol 217 dEo] 9] A% AP wlak §
Aol dojurx] gl olaiy Tx4d FHH dE3
aFAkole] AdE A AE X E B34 g8 29y
2 B3yt dAse FUHERY ARl viste #QE
azt as, 14 g4 e oldE m oIl

aeig IPME P23 08 AR wue 24 Byt
AR 47 g A2 A& EEJ #UYT AT
710l wiste] 27 EAI} uRA Wol T o
27 Ear AFv] 4o mzn AdEoz zhgsiy
AE g9 dolel g

g TAE A Agste 3% 27 Eag A
7 g ste A 2t GG zHAY 4P
A4 g4, MAE "ML AR A9 YA4L WA
A7l W Eel ¥E Ho| $oH23]l Y IPM#
ol Aol A= W AstE WY AFIGA
oA B4 BAE MHAIE EE HE
&7 o gt}

B =RdME 27 E3E AZAII] 95 PMY
HAA BHY Ao A AA wHe Fgstoo4l
27 E3 2 A% A¥E F£98d 12 2974 xF
2de A9 Ang vaste kA YA mE 1Y B
2 Az olof utg MF E4HS nHIH

2.2 B

£ Azl Hate ol F5E ol g3t
27 3 5 % xAd 9% Ea P& TR, F

® L ANZD AE

2R 97 100{mm]
A7 47 54[mm]
CER PR 1.27(T)
g 5 6
&% T 9
370 1[mm]
29 750[W]
S® AT E 6l°)

(a) 7]1% 2d

(b) =% 24
a9 LA nRA gy

g4 g4 =X 44 ¥5E ZASAS a2dx
F8as HAgS ol gt A mde] WFE FA
st} A 2atglct,

® 1 8N mdel Agg vehe, a9 18 78
23} A48 @ =X 249 n3A4 R HAAE vE
dot.

22 22 £3 M @ A
a9 28 f88s HHYE ol &ty 7R Edd x
;

4 mas) @7 £2 44 Aol 14 3& 3% &
29 A% Azolth, HA AW 2 AY AFAA =4

_47__



34 —— iritial moded
— cptirmized model
24
= 14
§’ N
g 0~ ~— ——
2 11
2
34
T T T
0 10 40

20
Mechrical angle (deg)
a9 2 37 B3 H4 Ax

0 10 2
Mectvical angle (deg)

a9 3 27 B3 4y 49

g AAY mde 37 EA7 ¥ 2dd
80[%]°1¢ AZAHULTS & ¥ F Ut

23 M A8 Zo ¢ 1@

A EBAe A4 4 4¥E T =5 AP
et 24 E3vt 443 AREHASE dAAG. =
73 B4 Az nE AF 5L BUs) st F
2de 16 JAF 2 4 Fohged wE 1E5E A3
k. WA Al g7 Jig Foly] Azt YAA
dade AgEgch

YHAE foE o§ate FZe] Rdd FFZ Fof 1
 AFS FAAe, TF AT L 24 A 248
AT S 7HEE AME o &3ttt

a9 4 IF &4 g vehdd.

a9 59 (@)% (e 718 2dd xX nde uk
[E 4% AFHE Jehdd V|8 2do nf{ AFL
300[Hz}st 900[HzlelX A Jelged, =X =de
IH ™EL 300[Hz]$h 1200[Hz]l A 2 A ebstet

i
>

Oscilloscope ] Driver ] [ Ampilifier

ad 4. A% 34

_48_

124 300Hz

Acceleration (m/s?)

1000 2000 3000 4000 5000
Frequency(Hz)
(@) 712 29
20
18
16 300Hz 1200Hz
W/ -/
E p
c
L
4
i
prat e pumatrn,
o 1600 2000 3000 4000 5000
Frequency(Hz)
(b) =4 24
a9 5 A JWF 49 d%
12
104
by
E
-
.%
3
8

Frequency (Hz)
(a) 1800[rpmI(30[Hz])

109 50Kz

800Hz

Acceleration (mvs?)
¢ °
[

1800Hz

Frequency (Hz)
(b) 3000[rpm}(50[Hz])
a9 6 712 229 ¢4 Fohgd nE ¥ 43



Acceleration {mis®)

30HZ  s40mz 4200M2

il

Y ¥

3000 4000 500¢
Frequency (Hz)
(a) 1800[rpm)(30[Hz}

§0Hz
3.01./

08+

06

Acceteration (mvs®)

044 900Hz  1800Hz

¢ 1000 2000 3000 4000 5000
Frequency (Hz}
(b) 3000[rpm](50[Hz])
Y7 =X mdel 24 Faed 4E 4E 49

3% 61 7L VE 2 xx 2d & Fugd
nE e 54 49 AAE veEdd,

71 e 37 3l 13 189 waiste] AF
Hold £33 wg 1346 183 gAst waa ZA)
Ead 9§ A%y ARdeld Emd 9§ A9 F
gt 4 Fa4e 1847 Ao F oAle Age] 7
& FagdM ¢ & Fe AL FASA @ 2
Y 6(a)oA & Fa4o 184 HE 540[Hz)FE 9 o)
dolA =7 B 94 AFH AFHA EA 9
g AF FAog gdste] E o] HAs: AL Y
A& 4 ok 29 6yl M 900[HZ] dgeldE =7
Edd) o% A% AFueld Bad A% A% 2w
I IH JE xF FAEY & FEe] gAsiH
=X Bl 37 Eas 78 Bde 24 Ez ¥
sl 277t 80I%lelY EAX, F71 Bd 247 HY
o g3 =X 2de 37 Ead 9% e 4
Faae 36w He Fo5 diges RAEA Holh
NE 2d F3 4 Fu49 184 Hi Fo4 09
Al 27 Ead 4@ AF5H AFHM Ead o
AFe] FAs] 2 AFo] RGOy =3 Zde
AR 27 Bad 93 23471 1080[HzIN A g e
2 AFHold 2asdy AL 9sA Hol & HFol
wAskz] ekstel 1200[Hzlel A 2AsleE AEL =
AEgelv, 19 Th)efA dA 27 Eas #HAHE ol
B3] oF Ao FAEL HPoEH A% AL
RE #3e # + ek
¥ 8% 166[Hz)9 A FAEE $4 & d9 3F
EA AE 23%E vt 29 89 712 249 A
2 300[HZI Gl 1g 8b)e] x4 =Y nr} 4%
3 Z AT wASE A& Y ¥ F Joh o
300[Hzlel A 2A vehd 718 2de] nd HNEgS 27
B34 g% AF, AR Edo] 947 AFo] FA
8gl7 W Folth, T A% ¥y AVE A AF
715 W@ gad ¥ =24 Jdejog g

TO‘_
4
!

1o T 300Hz

Acceleration {mvs’)

T ¥ g
o 1000 2000 3000 4000 5000

Frequancy (Hz)
(@) 718 249
12
1.0+
5
g 06+
< 044 200Hz
/ BS00Hz
024 Y /
o \Iil.l“uu\
o e om0 xme 00 5000
Frequency (Hz)
(a) =3 24

a9 8 166[Hze A A9 T 4y 43

2ol 300[Hz] oA of & HFol HASAT
NE 2d3 =X 2Ed A% 4¥E B =AE
Ao 37 EAY A7) Folze R 4 =
7 Bzg 77 utiA go2 AFEHA Eadde
B o AE ¢A4L AY £ Y-S 84U ¥ F A
=3

3.8 B

B =g A8 97y 48719 =4 gAdd
48 A% 2A4¢ 1us e 2ds) =X 2l
AE 494 55t9 =Xg dAgers 23 B
A718 29 ¥y ohd &) EA9 Fr] BE uhHA
Hol AR EA] A AFHAY FAL Hso
$A FEel A Hy A& fdaudt

B2 g #

[1] Gyu-Hong Kang, Jung-Pyo Hong, Gyu-Tak Kim, and
Jung-Woo Park, “Improved Paramater Modeling of
Interior Permanent Magnet Synchronous Motor Based
on Finiti Element Analysis”, IJEEE Trans.on Magnetics,
vol. 36. No. 4, pp.186771870,July.2000.

[21 Chang Seop Koh, and Jin-Soc Seol, “New
Cogging-Torque Reduction Method for Brushless
Permanent-Magnet Motors”, {EEE Transon
Magnetics,vol. 39. No.6,pp.350373506,Nov.2003.

[3] A. Kiournarsi, el. "Mitigation of Torque Ripple in Interior
Permanent Magnet Motors by Optimal Shape Design”,
[EEE Trans. on Magnetics,
vol.42.No.11,pp.370673711,Nov,2003.

{4} Gyu-Hong Kang, Young-Dae Son, Gyvu-Tak Kim, Jin
Hur, “A Novel Cogging Torque Reduction Method for
Interior Type Permanent Magnet Motor " IEEE Trans.
On Industry applications conference, 42nd IAS, pp.
11971285, Sep, 2007

_49_..



